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Port-access (PA) mitral valve surgery is performed 
through an anterior mini-thoracotomy with peripheral 
cardiopulmonary bypass (CPB) (Figure I). An arrest of 
the heart is achieved by balloon occlusion of the 
proximal aorta, and myocardial protection is obtained 
by the delivery of either antegrade or retrograde 
cardioplegia. The endoclamp is a multilumen, balloon- 
tipped catheter inserted through the femoral artery into 
position in the ascending aorta (Figure 11). This special- 
ized catheter allows for endo-aortic occlusion, aortic 
root pressure monitoring, and either aortic root car- 
dioplegia administration or venting. 
Using the PA approach with peripheral cannulation 
for CPB, the incision required to repair or replace the 
mitral valve is kept to a minimum because the operative 
field remains unobstructed by the cannula o r  cross- 
clamps. No supplementary incisions are required. More 
importantly, the PA approach obviates the need for any 
sternal incision and seems to result in less tissue 
trauma, less postoperative impairment of pulmonary 
function, and a more expedient recovery of the patient. 
The cosmetic result is superior to any other proposed 
approach, especially in women. 
The concept of an endoclamp system was developed 
by John Stevens and proposed independently by W.S. 
Peters1 in 1993. Substantial development and valida- 
tion of the operative approach was performed in the 
Stanford University surgical l a b ~ r a t o r y ~ - ~  and by the 
our group at New York Univer~i ty .~?~ These efforts 
resulted in a system of integrated catheters that facili- 
tated the PA approach. Systematic investigation showed 
that this technique was feasible and provided excellent 
myocardial protection. Initial clinical work was guided 
by the Food and Drug Administration and the Institu- 
tional Review Board at Stanford and New York Univer- 
sity (NYU), until commercial release of the catheters in 
late 1996 (Heartport, Redwood City, CA). 
Our initial experience at NYU Medical Center con- 
sisted of 113 patients undergoing mitral valve surgery 
with the port-access technique.* Ninety-three patients 
have had isolated mitral surgery with a hospital mortal- 
ity of 1.1%; postoperative echocardiographic follow-up 
showed excellent valvular function in 98.5% of the 
patients. Remaining procedures included double valve 
(n = 7), triple valve (n = 3), and mitral-coronary 
(n = 4) operations that used the port-access system. 
The patients had a mean age of 57 years (range, 21 to 
79) and were equally distributed by gender. Postopera- 
tive complications included reoperation for bleeding or 
tamponade (4.4%), stroke (0.8%), and wound infection 
(0.8%). This monograph will focus on the PA technique 
we currently apply to isolated mitral valve surgery. 
Virtually all patients are considered candidates for 
this procedure in the presence of isolated mitral valve 
disease. Certain patients may be disqualified by the 
presence of occlusive peripheral vascular disease or 
severe atheromatous disease of the aorta, both of which 
make retrograde endoclamp placement undesirable. 
The presence of previous cardiac surgery is not a 
disqualifier for this surgery; however, it is a relative 
indicator for the PA approach because the surgeon will 
not have to reenter the sternum, nor dissect the heart or 
previously placed bypass grafts. 
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Fig. I. Schematic drawing of operative technique including minimally inva- 
sive incision and peripheral cardiopulmonary bypass with endoclamp aortic 
occlusion. 
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SURGICAL TECHNIQUE 
If not already present, the operating room requires a 
transesophageal echocardiogram machine (TEE) for 
patient monitoring and the placement of catheters and 
cannula. A fluoroscope should be placed to the patient’s 
left side at the level of the chest, so that it can be easily 
pulled into the operative field when required. As the 
team’s skill improves, a fluoroscope may not always be 
needed, but it is extremely helpful for the initial 
procedures. The placement of video slave monitors 
onwalls around the room allows easy viewing of hem- 
1 Because TEE plays a major role in 
catheter placement and monitoring, a 
certain level of expertise using the TEE 
probe is required. Bilateral radial lines 
are placed. Single lumen endotracheal 
intubation is sufficient for the PA to the 
mitral valve. After induction and intuba- 
tion, the two right internal jugular vein 
introducers are placed and then the pa- 
tient is slightly heparinized (1 mg/kg). 
The coronary sinus catheter is placed 
using TEE and fluoroscopy. The correct 
position of the coronary sinus catheter 
tip is confirmed by ventricularization of 
the pressure waveform with balloon infla- 
tion or by fluoroscopic visualization after 
dye injection. 
odynamic data, as well as TEE, fluoroscopic, and 
intraoperative video images by the operating room 
team, which often includes students and trainees. 
The full scope of the anesthetic management is 
beyond the realm of this report; only the highlights will 
be summarized here. It is mandatory that there be 
excellent communication between the anesthesia team; 
they have integral responsibilities throughout the opera- 
tion and must be knowledgeable of their role. 
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2 The patient is placed in the supine position. Skin preparation 
is performed from above the sternal notch down to the knees, with 
the left leg “frogged.” External adhesive defibrillator patches may 
be attached outside of the prepped areas, or saline soaked sponges 
may be placed under the plastic skin drapes to provide protected 
contact areas for later use by the external defibrillator pads. After 
draping the patient, simultaneous incisions are made in the groin 
and the chest. A fourth anterior interspace mini-thoracotomy 
incision is created. In men, the skin incision is under the nipple, 
directly over the interspace; in women, the skin incision is just 
below the inframammary fold, and the soft tissue is mobilized up to 
the interspace. The total skin incision is 5 to 7 cm in length. 
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3 The intercostal muscles are then divided and the thorax is entered; the 
intercostal muscles are divided up to the sternum and laterally beyond the 
extent of the skin incision. This allows for the opening of the interspace without 
unnecessary trauma to costal cartilage. A soft tissue retractor is placed and a 
small Finochetto retractor may also be used. The lung is gently retracted 
laterally and the pericardium with the phrenic nerve is visualized. If the 
diaphragm is obstructing the view, it may be retracted inferiorly with a stay 
suture brought through the chest wall using a crochet hook and an angiocath- 
eter at the interspace below. The pericardium is incised 1 to 2 cm anterior to 
the phrenic nerve. Using a crochet hook, a stay suture on the anterior edge of 
the pericardium may be retracted through a needle hole in the chest wall. 
A small, oblique incision (3 cm) is made just above the groin crease selected 
for cannulation. If there has been a recent cardiac catheter inserted through 
the groin, that side is best avoided. The right groin is slightly easier, because 
the femoral venous catheter rises directly into the inferior vena cava rather 
than having to cross over through the pelvis. The femoral vessels are isolated, 
and snares are placed proximally with vessel loops placed distally. If the 
femoral artery appears small, verify that the exposure is above the takeoff of 
the profunda femoralis. 
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4 The patient is now fully heparinized. The arterial cannula is 
placed first. The distal femoral artery is clamped above and 
below. An No. 11 blade is used to create a small transverse 
arteriotomy that can be extended using Pott’s vascular scissors. 
The obturator of the Y-shaped arterial “endoreturn” cannula is 
advanced just beyond the snare into the femoral artery. The 
guidewire is then carefully advanced from the cannula without 
feeling any resistance. Next, the cannula is advanced over the 
guidewire up to the widening of the wire-reinforced body of the 
cannula. The cannula is snared and the arterial line from the 
bypass circuit is connected, verifying that air is evacuated from 
both arms of the cannula. The line is firmly secured to the 
patient. In a similar fashion, the femoral vein is cannulated. The 
vein is occluded distally with the vessel loops and clamped 
proximal to the snare so that a venotomy can be performed. The 
prepared venous cannula with the two obturators and guidewire 
is then inserted into the femoral vein and advanced 2 cm after the 
vascular clamp is released. The guidewire alone is advanced with 
either TEE or fluoroscopic visualization into the right atrium. 
The cannula and the two obturators are then advanced over the 
guidewire into the right atrium. The obturators are withdrawn 
with the wire, and the tip of the cannula is positioned into the 
superior vena cava. 
Before initiation of CPB, the endoclamp should be positioned 
in the aorta. The endoclamp is brought onto the field, the 
connections for central pressure monitoring, balloon inflation, 
and cardioplegic administration are made, and the appropriate 
pressure transducers are zeroed. The balloon is checked by 
infusing saline, and the saline is then removed with any residual 
air. The Y-shaped arterial cannula is clamped, the valve is 
opened, and the endoclamp is inserted. The valve is tightened and 
the clamp is removed. Next, the endoclamp is advanced to the 10 
cm mark and only the guide wire is advanced into the descending 
aorta. This is always verified by TEE or a fluoroscope as the 
guidewire is advanced from the descending aorta and left positioned in the ascending aorta just above the 
sino-tubular ridge. The endoclamp is now advanced over the guidewire into the ascending aorta, again with 
continuous visualization. The proximal tip of the endoclamp is left just above the sino-tubular ridge as the 
guidewire is removed. The endoclamp will generally migrate more proximally once CPB is initiated; its position 
should be monitored and will most likely require correction. Cardiopulmonary bypass is commenced with two 
centrifugal pumps, one for arterial perfusion and one for augmented venous return. The return pump is necessary 
when using a small venous cannula. Care must be taken to remove the proper amount of intravascular gradient 
from the patient hecause double pumping is not a commonly used technique. Typically the perfusion temperature 
is lowered to 25°C. 
The flow in the main pump is reduced and the endoclamp is inflated to occlude the ascending aorta. Proper 
position of the endoclamp is verified with TEE; the proximal edge of the balloon should be seated 1 cm above the 
sino-tubular ridge. The endoclamp balloon pressure should be 250 to 350 mm Hg and stable. An intact, equal, 
right-radial pressure tracing indicates that the balloon is not obstructing the innominate artery. An initial dose of 
cold blood-potassium cardioplegia is given by the retrograde catheter to protect the heart, after which repeated 
injections are administered every 20 to 25 minutes. If retrograde cardioplegia is not feasible, antegrade 
administration is used. The coronary sinus balloon should be deflated in between cardioplegic injections; if left 
inflated, it may be punctured by needle tips. 
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5 (Continued) (C) The handle is used to elevate the blade into its 
final position, and it is held in place by locking the base onto the 
external chest wall or preferably held in place using an autoretractor 
system. A sump suction is placed, dropped from the inferior aspect of 
the incision into the pulmonary vein to keep the field dry. 
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6 To facilitate exposure, various pledgeted stay sutures may be placed in the left-atrial 
free wall, just posterior to the posterior mitral annulus. By bringing these out through the 
chest wall on crochet hooks, the inferior annulus may be elevated and brought closer to the 
chest wall incision. This allows the surgeon to have full exposure to both leaflets and 
subvalvular apparatus, which is customary before reconstructing or replacing the valve. 
Leaflet coaptation and prolapse, chordal length, and annular geometry are all easily 
evaluated using this technique. The surgeon must wear a head light, because illumination 
by the standard overhead lights is inadequate. We have rarely used a thoracoscope because 
the standard direct viewing of the tissue allows us to better evaluate the valvular disease. 
We do, however, strongly advocate the use of intraoperative video cameras optically locked 
with the surgeon’s loops and headlight. Although this does nothing to improve the surgeon’s 
view, it dramatically enhances our ability to teach the residents. Additionally the displayed 
view of the operative field allows the rest of the operating room team to fully participate in 
the operation. 
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7 The standard methodologies of reconstructing or replacing the 
mitral valve are used; no modification or compromise of this technique is 
necessary. The primary difference in the surgical techniques used 
through this particular approach is the use of specially modified 
instruments. The tissue forceps and needle holders have all been 
modified to have a single long shaft, instead of the dual arms typical of 
instruments. With a single long arm, these instruments can be passed into 
the operative field and deployed without blocking the surgeon’s direct 
view. As is true with all new instruments, some practice is required, but 
excellent dexterity is easily acquired, comparable to the needle holders 
used for standard coronary anastomoses. Angulation of the needle 
holders allows the surgeon to place the annular sutures in the proper 
orientation; tension on the previously placed annular suture provides 
distraction of the tissue for precise suturing. 
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8 Typically when tying sutures, the surgeon is able to push the knot down with his finger. In the event that 
this is beyond the surgeon’s reach, a knot pusher instrument has been developed, which can be used to place 
the correct tension on the suture as each throw is lowered onto the knot. Moreover, as an assistant manipulates 
the standing part of the suture, valve and ring sutures can be rapidly tied. 
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9 See legend on opposite page. 
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9 After the mitral procedure has been performed and evaluated, full attention is turned to the 
closure and deairing of the heart. The importance of proper deairing of the heart cannot be 
overemphasized. A 14F red, rubber catheter is used as a transvalvular vent. Extra side holes are cut 
into the catheter, so that some will vent the ventricular and others will vent the left atrium. The 
catheter is placed through the reconstruction or replaced valve and is held in place with a snared, 
horizontal, mattress suture in the superior pole of the atrial incision. The stay sutures and retractor 
blade are removed from the atrium. The superior pole of the left atrial incision is closed with a 
double running layer of 3-0 prolene. The patient's head is placed down and the body is turned to the 
left side down in order to place the atrium superior to the ventricle. Pump gradient is gradually put 
into the patient as the inferior pole of the atrial incision is closed while the heart is being filled. The 
right ventricle is retracted into the field and a temporary pacing wiring is secured and connected to 
an electric fibrillator. The aortic root vent is vented on suction to the pump circuit. The main pump 
flow rate is temporarily decreased, and the balloon is partially deflated so that there is equalization 
of systemic and aortic root pressures. The pump flow is then restored. The transvalvular vent is 
placed on pump suction, and it is imperative that there is enough gradient in the heart to allow the 
left atrium to expand (confirmed on TEE). The lungs are then ventilated to help clear the pulmonary 
veins of any residual air. During this process the aortic root is vented through the central lumen of 
the endoclamp. These maneuvers take several minutes and complete evacuation of significant air 
can be confirmed by TEE. 
After disconnecting the fibrillator, the patient is cardioverted. This may be done with internal 
pediatric paddles, but we prefer the previously placed saline soaked pads. Ventricular pacing is used 
if necessary. After reverifying by TEE that the left atrium and left ventricle are clear of air, the 
endoclamp is fully deflated and kept on suction until the bypass is discontinued. The transvalvular 
vent is clamped and withdrawn quickly; the atrial suture closure is now completed. After TEE 
confirms proper function of the mitral valve, the endoclamp is withdrawn with the pump 
temporarily turned down. This maneuver decreases the line pressure gradient and may expedite the 
rewarming of the patient. The coronary-sinus catheter should also be withdrawn now to verify that 
it has not been caught by a suture. A right atrial pacing wire is now placed, and both wires are 
brought out through the incision and then past the edge of the inferior skin incision. 
Once the patient is warm, ventilation started, and hemodynamics normalized, CPB is terminated 
in the standard manner. The venous catheter is removed before the administration of protamine. We 
close the venotomy with a running 6-0 prolene suture. After protamine is administered, the arterial 
cannula is removed from the snare, and the proximal femoral artery is clamped. The artery is then 
repaired with running or interrupted prolene. The groin incision is closed in two layers using 
standard techniques. 
The atrial incision and pacing wire site are inspected for hemostasis. Long acting local anesthetic 
may be injected into the interspaces above and below the incision to create regional anesthesia. A 
small chest tube is placed into the pleural space and pericardial drains are avoided. The chest wall 
incision is inspected for hemostasis and closed with paracostal, No. 2, absorbable sutures. The 
muscle and subcutaneous tissues are closed using interrupted sutures to avoid necrosis, and the skin 
is closed in standard fashion. 
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